I. Introduction
Most metals in pure form are thermodynamically unstable, this is due to the high energy content of the elements in metallic form, and as such most metals used in construction of facilities are subjected to corrosion. Naturally, most metals exist chemically in combined form with other elements, but for them to be suitable for industrial applications they are refined to form pure metals and alloys. As the energy content of the metals and alloys in pure state, is greater than that of their ores, chemical combination of the metals to form ore-like compounds becomes spontaneous process.
Corrosion of metals takes place through the action of electrochemical cells, although this single mechanism is responsible in corrosion, corrosion of metals can takes many forms. Through an understanding of the electrochemical cell and how it can act to cause the various forms of corrosion, the natural tendency of metals to suffer corrosion can be overcome. [5] In virtually all situations, metal corrosion can be managed, slowed, or even stopped by using the proper techniques. Corrosion prevention can take a number of forms depending on the circumstances of the metal being corroded. The rate of corrosion of metals can be controlled by reducing the aggressiveness of the medium, or by isolating the metals from the liquid. The latter can be done by coating the metal with a millimeter thick impervious non corroding material. These have wide spread use, but their effect may not be permanent because of brakes in the coating over time. Also in some systems coating might interfere with the process for which the equipment is used, they might change the heat transfer properties for example. The use of corrosion inhibitors proffers a better solution to the problem.
The benefit of corrosion inhibitors is that they can be applied in-situ to metals as a corrective action to counter unexpected corrosion. [12] The inhibitors may be organic or inorganic compounds. Inorganic substances such as phosphates, chromates, dichromates and arsenates have been found to be effective inhibitors of metal corrosion, but a major disadvantage is their toxicity and as such their use has come under severe critics. In alternative, organic corrosion inhibitors have been widely applied in solving corrosion problems because of their availability and ease of application. Organic corrosion inhibitors are usually composed of hetero-atoms such as N, S, and O in conjugate systems, with which they get absorbed to the metal surface. [2 -6] . In contrary, some synthesized organic inhibitors could be hazardous to life which limits the choice of synthesized organic inhibitors as a solution. The current growing trend in bio-technology has geared many researchers towards discovering natural metal corrosion inhibitors of plants source which are in-expensive, readily available, renewable, environmentally friendly and ecologically acceptable. [5] It is reported in Abiola, [20] that the corrosion inhibition properties in many plants extracts is due to their heterocyclic constituents like alkaloids, tannins, flavonoids, phenols, saponins steroids etc. Again it is suggested that medicinal plants exhibit good corrosion inhibiting properties, because they are mostly constituted of compounds containing hectero-atoms like O, N, S, and P which are reported to have corrosion inhibiting properties. [2] [3] [4] [5] [6] [21] [22] [23] . Owing to the medicinal values of Piper guineense and Vernonia amygdalina plants we suggest it will possess good corrosion inhibition properties.
PLANT DESCRIPTION AND USAGE
Piper guineense is climbing vine that can grow up to 20m in length. It is native to tropical regions of central and Western African and is Semi-cultivated in countries such as Nigeria where the leaves (known as Uziza) are used as a flavoring for stews and soup. Like other members of the pepper family. Piper guineense contain 5-8% of the chemical significant proportion (10%) of myristicin, elemicin, safrole and dillapoil.
In terms of flavor, the seed is very similar is cubeb pepper but is much less bitter and has a fresher more herbaceous flavor. Though known in Europe during the Middle Ages (it was a common spice is Roven and Dieppe in 14 th century, France), these days the use is marginalized of west and central African. [25] Piper guineense leaf is reported to contain phytochemicals like, alkaloids tannins, saponins, flavonoids, [26] tarponoid, phlobatanins, [25] , resins, [27] and essential oil. [28] . Piper guineense leaves are considered aperitif, carminative and eupeptic [29] . They are used to treat respiratory infections, rheumatism, and syphilis [30] . In Nigeria, the leaves have been shown to have antibacterial activity. [31] . Piper. guineense leaves are aseptic in nature and have the ability to relieve flatulence. [32] They are also used for treating female infertility and low sperm count in male. [33] Vernonia amygdalina, commonly known as bitter leaf, is a shrub that grows up to 3 meters high in the African tropics and other parts of Africa, particularly, Nigeria, Cameroon and Zimbabwe. It is reputed to have several health benefits. The organic fraction extracts of the plant was shown to possess cytotoxic effects towards human carcinoma cells of the nasopharynx. [34] It is effective against amoebic dysentery [35] , gastrointestinal disorders, [36] , and has antimicrobial and antiparasitic activities.
[37&38] The phytochemicals compounds of Vernonia amygdalina are saponins and alkaloids, [39] , terpenes, steroids, coumarins, flavonoids, phenolic acids, lignans, xanthones and anthraquinone , [40] , edotides [41] and sesquiterpenes. [34] . Owing to the phytochemical constituents and medicinal properties of Piper guineense leaves and Vernonia amygdalina leaves we suggest they will possess good corrosion inhibition properties. This study investigates comparatively the inhibitory effect of Piper guineense leaves extract and Vernonia amygdalina leaves extract on corrosion of mild steel in 2.5M HCl solution using gravimetric and gasometrical techniques.
II. Materials And Methods

MATERIALS
The materials used for the study were mild steel sheet. The weight composition of the mild steel is recorded in The mild steel sheet was obtained from metallurgical department federal university of technology Owerri Imo state Nigeria. For the purpose of this study the mild steel sheet was mechanically pressed cut to form different coupons, each of dimension 2cm X 2cm X 0.1cm. Each coupon was degreased by washing with ethanol, dried in acetone and preserved in desiccators prior to use. All reagents used for the study were analar grade and double distilled water was used for their preparation.
EXTRACT PREPARATION
Vernonia amygdalina and Piper guineense leaves were collected from plants around Michael Okpara University of Agriculture Umudike Abia State Nigeria. The leaves were cut into pieces to increase the surface area for easy drying. The piecesed leaves were then oven dried with laboratory oven at 50 o C . The drying and every other analysis were carried out in chemistry Lab, College of physical and applied sciences, Michael Okpara University of Agriculture Umudike. The dried leaves samples each were ground to powder form, and extracted for 72hrs. Then the extracts were evaporated to dryness and from the resultant dried concentrate of the samples (Vernonia amygdalina and Piper guineense) extract test solutions of 0.lg/l, 0.2g/l, 0.3g/l and 0.5g/l were prepared in 2.5M HCl solutions.
GRAVIMETRIC ANALYSIS (WEIGHT LOSS)
Weight loss experiment were conducted under total immersion conditions in 250ml of test solutions maintained at 30 0 C, 40 0 C, 50 0 C and 60 0 C respectively. The test coupons were retrieved at the end of immersion period, scrubbed with bristle brush under running water until clean. The clean test coupons which were weighed before immersion were then dried in acetone and reweighed. The weight loss therefore was obtained as the difference between weight of coupons before and after immersion, from the weight loss data corrosion rate of the mild steel was calculated using equation 2.1 (2.1)
Where CR represents corrosion rate, A is surface area of the coupon, t is the time of immersion and wt is change in weight (weight loss) With the calculated values of corrosion rate of the mild steel in test solutions containing Piper guineense extract and Vernonia amygdalina extract respectively and corrosion rate of the coupon in uninhibited system (blank), the inhibition efficiency and degree of surface coverage of the plant extract molecules were calculated using equation 2.2 and 2.3.
Where CR in and CR bl are corrosion rates in inhibited test solution and uninhibited system (blank) respectively, is degree of surface coverage while IE is inhibition efficiency. Where, is the volume of hydrogen evolved at time t for inhibited solution and is the volume in uninhibited solution, IE and θ stand for inhibition efficiency and degree of surface coverage respectively.
GASOMETRIC METHOD
III. Results And Discussion
GRAVIMETRIC RESULTS
The mild steel corrosion inhibition behavior of Vernonia amygdalina leaves extract and Piper guineense leaves extract each and respectively in 2.5M HCl studied gravimetrically are represented graphically in the figures 1 and 2. Observations from the figures showed decrease in weight loss in the corrosive solution containing both plants extracts from what was observed in the blank corrosive solution without the extracts. This indicates a decrease in corrosion rate as Vernonia amygdalina leaves extract and Piper guineense leaves extract were introduced into the corrosive medium. It can as well be observed that, as the concentration of the plants (Piper guineense leaves and Vernonia amygdalina leaves) extracts increased from 0.1g/l to 0.5g/l the decrease in corrosion rate became more pronounced, and so pronounced that the corrosion rates of mild still coupons in 2.5M HCl solution containing Piper guineense leaves extract and Vernonia amygdalina leaves extract (separately and respectively) were almost zero in 0.5g/l extracts concentrations. These observations affirm corrosion inhibition of the test coupons by the Vernonia amygdalina leaves extract and Piper guineense leaves extract. The extent of corrosion inhibition of Piper guineense leaves extract and Vernonia amygdalina leaves extract on corrosion of mild steel in corrosive medium studied, is known by studying the relationship between extract concentration and inhibition efficiency of the extract on the mild steel coupon. Figure 3 shows a plots of inhibition efficiency against concentration Piper guineense leaves extract and Vernonia amygdalina leaves extract. Observations from the graphs show that inhibition efficiencies of both plants extracts increase as the concentrations of the plants extracts increase in 2.5M HCl solution. Interestingly, the inhibition efficiencies of both plants (Piper guineense and Vernonia amygdalina) leaves extracts at 0.5mg/l concentration of the extracts concentration were almost 100%, which shows that the leaves extracts of the two plants can be perfect corrosion inhibitors. 
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GASOMETRIC RESULTS
The results of gasometrical analysis of mild steel corrosion inhibition in extreme corrosive medium (2.5M HCl solution) by Piper guineense leaves extract and Vernonia amygdalina leaves extract each and respectively, are graphically represented in figure 4 and 5. Figure 4 is plots of volume of hydrogen gas evolved against concentrations of the plant (Piper guineense and Vernonia amygdalina ) leaves extracts, and figure 5 is the plots of corrosion rates of mild steel coupons in 2.5M HCl blank solution and the ones containing Piper guineense leaves extract and Vernonia amygdalina leaves extract each and respectively.. A study of the figures reveals that corrosion rates decreased in the presence of the inhibitors (Piper guineense leaves extract and Vernonia amygdalina leaves extract) from the result observed from the blank 2.5M HCl solution. The reduction in corrosion rate became more pronounced as the concentration of the extract increased from 0.1g/l to 0.5g/l. This is an evidence of corrosion inhibition as more extract molecules are introduced into the system. This marked decrease in corrosion rate indicates that the plants extracts inhibited corrosion of mild steel in the acid medium studied with marked inhibition efficiency.
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Figure 4:
Gasometrical determined plot of volume of hydrogen gas evolved against concentration of plant extract. Inhibition efficiencies of Piper guineense leaves extract and Vernonia amygdalina leaves extract respectively increased as the concentrations of the test samples extracts increased from 0.1g/l to 0.5 g/l as shown in figure 6 . This indicates that the more the extract molecules are added to the system the more corrosion is being inhibited. The inhibition abilities of the Piper guineense and Vernonia amygdalina can be attributed to the extract molecules getting absorbed to the surface of the mild steel thereby creating a barrier between the material and the acid. [5 ,6] . Mean while, a cross examination of the results obtained from the gravimetric analysis and gasometrical analysis shows that the results are all closely related which proves evidence of corrosion inhibition. 
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ADSORPTION BEHAVIOR
The inhibitory effect of the plant extract is due to extract phytochemical molecules getting absorbed to the surface of the mild steel to form a film layer on the interface, preventing the corrodent from having direct contact with the metal, and thereby inhibiting corrosion. The relationship between the degree of surface coverage of (θ) Vernonia amygdalina and Piper guineense extracts can be represented by the Langmuir adsorption isotherm, as stated in equation 3.1.
(3.1)
Where K is the constant for adsorption related to the free energy by the relation in equation 3.2  (3.2) Figure 7 and 8 show the plots of against concentration of leaves, extracts of Vernonia amygdalina and Piper guineense leaves extracts in 2.5 M HCl gravimetrically and gasometrical studied to be linear, with intercept which suggest that the experiment fitted into Langmuir adsorption isotherm. The calculated values are shown in table 2 and 3, from the results in the tables it can be observed that the values are all negative which indicates that Vernonia amygdalina and Piper guineense leaves extracts were spontaneously adsorbed to the surface of the mild steel in concentrated acid medium studied without any inducement . [ 5] 
EFFECT OF TEMPERATURE
Temperature has a significant influence on metal corrosion rates and inhibition efficiencies of corrosion inhibitor for when the corrosion reaction involves a cathodic process of hydrogen gas evolution, the corrosion rate increases exponentially wit rise in temperature according to Arrhenius type dependence and the inhibition efficiency decreases as temperature rises. Figure 9 , illustrates the effect of temperature on inhibition efficiency of the Vernonia amygdalina and Piper guineense leaves extracts on corrosion of mild steel in 2.5M HCl solution.
From the figure, inhibition efficiency in the two plant extracts studied (Vernonia amygdalina and piper guineense leaves) decreased with rise in temperature indicating evidence of physisorption. This observation can be explained with respect to the characteristic features of the cathodic process of hydrogen evolution where the increase in temperature leads to an increase in the rate of the cathodic reaction. [ 7, 8 ] . This effect far overshadows the adsorption and inhibitive effect of Vernonia amygdalina and Piper guineense, because the enhanced rates of hydrogen gas evolution increasingly agitate the interface, which hinder inhibitor adsorption and also promotes dispersal of adsorbed inhibitor. [5, 9, 10] .
Figure 9:
A plot of the inhibition efficiency of the plant extract against temperature of the system studied.
This marked decrease in inhibition efficiency with rise in temperature could be attributed to the shift of the adsorption desorption equilibrium towards desorption. This behavior suggests that Vernonia amygdalina and Piper guineense were physically adsorbed on the mild steel surface, [6, 11] The reaction between corrosion rate and temperature is often expressed by the Arrhenius equation in equation 3.3.
(3.3).
Where Ea is the activation energy of Arrhenius pre-exponential factor and R is the gas constant. Where CR 1 and CR 2 are the corrosion rates at temperatures T 1 and T 2 respectively, other parameters retain their previous meaning. The apparent activation energies (Ea) for mild steel coupons in absence and presence of Vernonia amygdalina and Piper guineense were evaluated using equation 3.4 above. Activation energy is observed from table 4 to increase in inhibited systems containing extracts of Vernonia amygdalina and Piper guineense respectively. Such behavior coupled with a decrease in inhibition efficiency as temperature rises is evidence of physisorption interaction between the extract specie and mild steel surface. [17, 42 & 43] Another thermodynamic parameter which further describes the adsorption mechanism operative in the corrosion inhibition process is the heat of adsorption (Q ad ). It is related to the surface coverage through the relation in equation 3.5 (3.5)
Where Q ad is heat of adsorption θ 1 and θ 2 are degrees of surface coverage at temperatures T 1 and T 2 respectively. The calculated values of heat of adsorption shown in table 4 are all negative and in the range of -7.04 X 10 -7 to -2.81 X 10 -7 Kjmol -1 in Piper guineense leaves extracts and -3.88 X 10 -7 to -2.90 X 10 -7 Kjmol -1 in Vernonia amygdalina leave extract. The negative values of heat of adsorption further indicate that adsorption was spontaneous and physisorptive in the two plant extracts studied. [ 5, 6 & 44-58] . 
IV. Conclusion
From the results of the study, the following conclusion were made, 1. Extracts of Piper guineense leaves and Vernonia amygdalina leaves extract each and respectively, effectively inhibited corrosion of mild steel in 2.5M HCl solution. 2. The inhibitive effect resulted from adsorption of Vernonia amygdalina and Piper guineense extracts respectively on mild steel surface fitting into Langmuir adsorption isotherm 3. The inhibition efficiency of the two plants extracts Vernonia amygdalina and Piper guineense increased with extracts concentration but decrease with rise in temperature, suggesting physical absorption mechanism. 4. The adsorption of ethanol extract of these inhibitors is strongly activated. The adsorption is also found to be spontaneous and exothermic.
